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$QLPDOV ZKLFK DUH H[SRVHG WR D ULVN RI SUHGDWLRQ
RIWHQ DOWHU WKHLU IRUDJLQJ RU PDWLQJ EHKDYLRXU
0HWFDOIH HW DO  )RUVJUHQ  -RQHV HW DO
 *UHHQILHOG DQG %DNHU  7KH ILQDO
EHKDYLRXUDO GHFLVLRQ VKRXOG UHIOHFW WKH UHODWLYH
VWUHQJWKV RI FRQIOLFWLQJ VHQVRU\ VWLPXOL WKDW WKH\
GHWHFW 0DQ\ VSHFLHV RI QRFWXUQDO PRWKV UHO\ RQ
FKHPLFDO FXHV WR ILQG PDWHV )HPDOHV UHOHDVH VH[
SKHURPRQHV WR DWWUDFW PDOHV IURP ODUJH GLVWDQFH
&DUGp DQG %DNHU  7KXV D PDOH PRWK PD\
VSHQG D FRQVLGHUDEOH WLPH LQ IOLJKW GXULQJ D QLJKW
VHDUFKLQJ IRU SKHURPRQH SOXPHV DQG DV D
FRQVHTXHQFH VXIIHU D KLJK ULVN RI SUHGDWLRQ E\
DHULDOO\ KDZNLQJ EDWV $FKDU\D  7KH VWURQJ
VHOHFWLRQ SUHVVXUH LPSRVHG E\ HFKRORFDWLQJ EDWV
KDV WULJJHUHG WKH HYROXWLRQ RI XOWUDVRQLF KHDULQJ
LQ VHYHUDO IDPLOLHV RI PRWKV IRU GHWHFWLRQ DQG
HYDVLRQ RI WKH SUHGDWRU 5RHGHU  )XOODUG DQG
<DFN 0LOOHUDQG6XUO\NNH
([WHQVLYH UHVHDUFK KDV IRFXVHG RQ WKH
SKHURPRQHPHGLDWHG IOLJKW EHKDYLRXU RI PRWKV
HJ %DNHU DQG 9LFNHUV  &DUGp DQG
0DIUD1HWR  DV ZHOO DV WKHLU HYDVLYH IOLJKW
UHDFWLRQV LQ UHVSRQVH WR XOWUDVRXQG 5RHGHU 
5\GHOO HW DO  8QWLO UHFHQWO\ IHZ VWXGLHV KDG
LQWHJUDWHG WKHVH UHVHDUFK ILHOGV +RZHYHU WKHUH
DUH QRZ DFFXPXODWLQJ GDWD VKRZLQJ WKDW
XOWUDVRXQG H[SRVXUH DIIHFWV WKH RGRXUJXLGHG
IOLJKW EHKDYLRXU RI PRWKV GXULQJ WKHLU VHDUFK IRU
PDWHV %DNHU DQG &DUGp  $FKDU\D DQG
0F1HLO  6NDOV HW DO D 6YHQVVRQ HW DO
  RYLSRVLWLRQ VLWHV 6YHQVVRQ HW DO
 DQG QHFWDU VRXUFHV 6NDOV HW DO D DV
ZHOO DV WKHLU FDOOLQJ EHKDYLRXU $FKDU\D DQG
0F1HLO  6YHQVVRQ HW DO  0RWKV
UHVSRQG WR XOWUDVRXQG H[SRVXUH E\ YDULRXV
PDQRHXYUHV VXFK DV GLYLQJ WR WKH JURXQG
H[WHQGHG ]LJ]DJJLQJ IOLJKW RU ORRSV HJ 5RHGHU
 6WDQGDUGL]HG XOWUDVRXQG H[SRVXUH RI
PRWKV RULHQWLQJ LQ RGRXU SOXPHV LQ WKH ILHOG LV
DOPRVW LPSRVVLEOH WR DFKLHYH EXW WKH FRQWUROOHG
HQYLURQPHQW SURYLGHG LQ D IOLJKW WXQQHO RIIHUV DQ
H[FHOOHQW V\VWHP WR VWXG\ GHFLVLRQ PDNLQJ E\
DQDO\VLQJ WKH WUDGHRII EHWZHHQ ROIDFWRU\JXLGHG
EHKDYLRXUV DQG DXGLWRU\JXLGHG SUHGDWRU
DYRLGDQFHLQWKHVHLQVHFWV
7KH S\UDOLG PRWK Plodia interpunctella +EQHU
XVHV VH[ SKHURPRQHV IRU ORQJUDQJH
FRPPXQLFDWLRQ )HPDOHV UHOHDVH D EOHQG
LQFOXGLQJ IRXU DFWLYH FRPSRQHQWV
ZEWHWUDGHFDGLHQ\O DFHWDWH
=(±2$F ZEWHWUDGHFDGLHQRO
=(±2+ ZWHWUDGHFHQ\O DFHWDWH
=±2$F DQG ZEWHWUDGHFDGLHQDO
=(±$OG IRU DWWUDFWLRQ RI PDOHV DW ODUJH
GLVWDQFH .XZDKDUD HW DO  =KX HW DO 
7KH KHDULQJ V\VWHP LQ WKLV PRWK LQFOXGHV D SDLU RI
W\PSDQLF RUJDQV ORFDWHG RQ WKH SOHXURYHQWUDO
VLGH RI WKH ILUVW DEGRPLQDO VHJPHQW ZLWK IRXU
VHQVRU\ QHXURQV LQQHUYDWLQJ HDFK RUJDQ 0XOOHQ
DQG 7VDR  7KHVH HDUV DUH VXJJHVWHG WR
IXQFWLRQ ERWK IRU GHWHFWLRQ RI EDW FULHV DQG IRU
LQWUDVSHFLILF FRPPXQLFDWLRQ 7UHPDWHUUD DQG
3DYDQ  3UHYLRXV VWXGLHV KDYH VKRZQ WKDW
ORQJWHUP XOWUDVRXQG H[SRVXUH ORZHU WKH
UHSURGXFWLYH VXFFHVV LQ WKLV VSHFLHV 6YHQVVRQ HW
DO +XDQJDQG6XEUDPDQ\DP
,W ZDV UHFHQWO\ VKRZQ WKDW PDOH P. interpunctella
RULHQWLQJ LQ SKHURPRQH SOXPHV RI RSWLPDO TXDOLW\
LJQRUH DQ XOWUDVRXQG FXH VLPXODWLQJ DQ
DSSURDFKLQJ EDW EXW VKRZ VWURQJ HYDVLYH
UHDFWLRQV WR WKH VDPH DFRXVWLF VWLPXOXV ZKHQ
RULHQWLQJ WRZDUGV SKHURPRQH VRXUFHV RI OHVV
RSWLPDO FRPSRVLWLRQ RU GRVH 6YHQVVRQ HW DO
 7KXV PDOHV VHHP WR DGMXVW WKHLU SUHGDWRU
DYRLGDQFH EHKDYLRXU DFFRUGLQJ WR WKH UHODWLYH
TXDOLW\ RI WKH VH[XDO ROIDFWRU\ VLJQDO DQG VLPLODU
FURVVPRGDO PRGXODWLRQ KDV EHHQ REVHUYHG LQ WKH
QRFWXLGV Agrotis segetum 'HQLV 	 6FKLIIHUPOOHU
6YHQVVRQ HW DO  DQG Spodoptera littoralis
%RLVGXYDO 6NDOV HW DO  7R IXUWKHU
LQYHVWLJDWH WKH GHFLVLRQPDNLQJ EHWZHHQ UHDFWLQJ
WR VH[ RGRXUV DQG XOWUDVRQLF VWLPXOL LQ P.
interpunctella ZH KHUH FRPSDUH WKH IOLJKW
EHKDYLRXU RI SKHURPRQHVWLPXODWHG PDOHV ZKHQ
H[SRVHG WR XOWUDVRXQG DW GLIIHUHQW LQWHQVLWLHV 7R
RXU NQRZOHGJH RQO\ RQH VWXG\ KDV VR IDU DQDO\VHG
WKH IOLJKW UHDFWLRQV LQ SKHURPRQHVWLPXODWHG
PDOH PRWKV ZKHQ H[SRVHG WR GLIIHUHQW LQWHQVLWLHV
RI DQ XOWUDVRXQG FXH $FKDU\D DQG 0F1HLO 
VKRZHG WKDW PDOHV RI WKH S\UDOLG Ostrinia
nubilalis +EQHU DQG WKH QRFWXLG Pseudaletia
unipuncta +DZRUWK RULHQWLQJ LQ VH[ SKHURPRQH
SOXPHV UHDFWHG VWURQJHU WR DQ DXGLWRU\ FXH
PLPLFNLQJ KLJK SUHGDWLRQ ULVN FRPSDUHG WR FXHV
VLJQDOOLQJ PRGHUDWH RU ORZ SUHGDWLRQ ULVN
+RZHYHU WKH XOWUDVRXQG VLJQDO SUHVHQWHG WR WKH
PRWKV LQ WKDW VWXG\ ODVWHG IRU  V ZKLFK LV ORQJHU
WKDQ DQ\ NQRZQ EDW FDOO DQG WKDW PD\ KDYH
DIIHFWHG PRWKV LQ D GLIIHUHQW ZD\ WKDQ LI D VKRUWHU
VLJQDOKDGEHHQXVHG
7KH DLPV RI WKH SUHVHQW VWXG\ ZHUH WR HVWDEOLVK D
WKUHVKROG FXUYH IRU HYDVLYH UHDFWLRQV WR
XOWUDVRXQG LQ P. interpunctella DQG WR LQYHVWLJDWH
ERWK VKRUW DQG ORQJWHUP HIIHFWV RI DQ XOWUDVRXQG
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VLJQDO RQ WKH VH[XDO EHKDYLRXU LQ WKLV VSHFLHV
:KHQ GHOLYHUHG DW LQFUHDVHG LQWHQVLWLHV WKH
XOWUDVRXQG FXH ZDV H[SHFWHG WR WULJJHU L
VWURQJHU LPPHGLDWH HYDVLYH UHDFWLRQV LQ PRWKV DV
ZHOO DV LL VWURQJHU ORQJODVWLQJ HIIHFWV RQ WKHLU
DELOLW\ WR RULHQW LQ WKH SKHURPRQH SOXPH DQG
UHDFKWKHRGRXUVRXUFH
Materials and Methods
Insects
0DOHV RI P. interpunctella ZHUH REWDLQHG IURP D
ODERUDWRU\ FXOWXUH PDLQWDLQHG DW WKH 'HSDUWPHQW
RI (FRORJ\ DW /XQG 8QLYHUVLW\ IRU §
JHQHUDWLRQV 7KLV FXOWXUH ZDV RULJLQDOO\
HVWDEOLVKHG IURP D ODERUDWRU\ FXOWXUH DW WKH
'DQLVK 3HVW ,QIHVWDWLRQ /DERUDWRU\ DW /\QJE\
'HQPDUN $ERXW  PDOHV DQG  IHPDOHV IURP
WKH &HQWUDO 6FLHQFH /DERUDWRU\ 6ORXJK (QJODQG
ZHUH LQFRUSRUDWHG LQWR WKH FXOWXUH DIWHU §
JHQHUDWLRQV /DUYDH ZHUH UHDUHG RQ DQ DUWLILFLDO
GLHW GHVFULEHG E\ =KX HW DO  DW  & DQG
 5+ 3XSDH ZHUH VHSDUDWHG E\ VH[ DQG SODFHG
LQ D  /' SKRWRSHULRG ZLWK WKH VDPH
WHPSHUDWXUH DQG KXPLGLW\ DV IRU WKH ODUYDH 2QH
WR ILYH GD\V ROG PDOHV ZHUH XVHG LQ DOO
H[SHULPHQWV
Chemicals and odour emission system
$ VSUD\HU GHYLFH GHVFULEHG E\ (O6D\HG HW DO
 DQG ODWHU PRGLILHG DFFRUGLQJ WR 6NDOV HW DO
E ZDV XVHG IRU HPLVVLRQ RI SKHURPRQH 7KH
SLH]RHOHFWULF FHUDPLF GLVF HPLWWHG D IUHTXHQF\ RI
 N+] ZKLFK LV IDU RXWVLGH WKH UDQJH RI
IUHTXHQFLHV XVHG E\ HFKRORFDWLQJ EDWV DQG
XOWUDVRQLF KHDULQJ PRWKV DQG KDG QR LPSDFW RQ
WKH IOLJKW EHKDYLRXU RI PDOHV SHUVRQDO
REVHUYDWLRQV 7KH GLVF ZDV GULYHQ E\ D 7HNWURQL[
IXQFWLRQ JHQHUDWRU &)*  $V SKHURPRQH
VWLPXOXV D IRXUFRPSRQHQW EOHQG LQFOXGLQJ
=(±2$F =(±2+ =±2$F DQG
=(±$OG LQ WKH UDWLRV  ZDV
XVHG .XZDKDUD HW DO  =KX HW DO 
:KHUHDV =(±2$F =(±2+ DQG
=±2$F ZHUH SXUFKDVHG IURP %HGRXNLDQ
5HVHDUFK ,QF ZZZEHGRXNLDQFRP
=(±$OG ZDV SURGXFHG IURP =(±2+
LQ WKH 'HSDUWPHQW RI &KHPLVWU\ 5R\DO ,QVWLWXWH
RI7HFKQRORJ\6WRFNKROP6ZHGHQ
$ SUHYLRXV VWXG\ VKRZHG WKDW PDOHV IO\LQJ
WRZDUGV WKH IRXUFRPSRQHQW EOHQG DW WKH RSWLPDO
HPLVVLRQ UDWH FRUUHVSRQGLQJ WR  SJ PLQï RI
=(±2$F GLG QRW VKRZ VWURQJ HYDVLYH
UHDFWLRQV ZKHQ H[SRVHG WR WKH KLJKHVW SRVVLEOH
LQWHQVLW\ SURGXFHG E\ RXU ORXGVSHDNHU  G%
63/ DW  N+] 6YHQVVRQ HW DO  7KHUHIRUH
WR EH DEOH WR FRUUHODWH HYDVLYH UHDFWLRQV ZLWK
VRXQG LQWHQVLW\ ZH XVHG D ORZHU HPLVVLRQ UDWH
 IJ PLQï RI =(±2$F WR ZKLFK PRWKV
UHDFW PRUH VWURQJO\ WR WKH XOWUDVRXQG FXH
6YHQVVRQHWDO
Sound emission system
7KH DFRXVWLF VWLPXOL ZHUH FUHDWHG E\
PXOWLSOLFDWLRQ RI VLJQDOV IURP D SXOVH JHQHUDWRU
+3 $ DQG D VLQH ZDYH JHQHUDWRU :DYHWHN
 LQ D FXVWRP EXLOW WUDSH]H PRGXODWRU ZKLFK
DGGHG D UDPS WR WKH EHJLQQLQJ DQG HQG RI WKH
VLJQDO 7KH ULVH DQG IDOO WLPH RI WKH UDPS ZDV 
PV 7KH UDPS PLQLPL]HV XQZDQWHG VSHFWUDO
DUWHIDFWV UHVXOWLQJ IURP FOLFNV RI WKH ORXGVSHDNHU
PHPEUDQH 7KH VLJQDOV ZHUH DWWHQXDWHG .D\ 
VWHS DWWHQXDWRU DPSOLILHG ;HOH[ SRZHU
DPSOLILHU DQG EURDGFDVW WKURXJK D 7HFKQLFV OHDI
WZHHWHU ($67+% ,Q IOLJKW WXQQHO
H[SHULPHQWV HDFK VRXQG VWLPXOXV FRQVLVWHG RI
WUDLQV RI  PV ORQJ UDPSHG SXOVHV DW  N+]
ZLWK D UHSHWLWLRQ UDWH RI  SXOVHV Vï DQG D WRWDO
VWLPXOXV OHQJWK RI  V $ ORQJ VWLPXOXV WUDLQ
HQVXUHG WKDW PRWKV LQ IOLJKW ZHUH H[SRVHG WR
VRXQG LQ IURQW RI WKH ORXGVSHDNHU VHH DOVR
GLVFXVVLRQ IRU WKH UHDVRQ IRU VWLPXOXV FKRLFH 7KH
ORXGVSHDNHU ZDV SRVLWLRQHG  P GRZQZLQG IURP
WKH VSUD\HU GHYLFH DQG DW WKH VDPH KHLJKW  FP
DV WKH SKHURPRQH SOXPH DQG WKXV WKH IOLJKW SDWK
RI PRWKV DW  FP GLVWDQFH IURP WKH
ORXGVSHDNHU 7R PLQLPL]H VRXQG UHIOHFWLRQV IURP
WKH RSSRVLWH ZDOO RI WKH IOLJKW WXQQHO D  FP
SRUWLRQ RI LW ZDV FRYHUHG ZLWK VRXQG DEVRUELQJ
PDWHULDO ZKLFK GLG QRW GLVWXUE WKH DLUIORZ LQ WKH
PLGGOHRIWKHWXQQHODVFKHFNHGZLWK7L&O VPRNH
Estimation of hearing thresholds
7R ILQG WKH IUHTXHQF\ RI EHVW KHDULQJ RI PDOH P.
interpunctella D WKUHVKROG FXUYH IRU WKH
EHKDYLRXUDO UHVSRQVH WR XOWUDVRXQG IOLJKW VWRS
ZDV HVWDEOLVKHG IRU WHWKHUHG PRWKV %DVHG RQ WKLV
FXUYH D IUHTXHQF\ ZLWK ORZHVW WKUHVKROG IRU
EHKDYLRXUDO UHVSRQVH FRXOG EH VHOHFWHG IRU WKH
VRXQG VWLPXOXV XVHG LQ H[SHULPHQWV RQ IUHHIO\LQJ
PRWKV VHH EHORZ $ QHHGOH ZDV JOXHG RQWR WKH
VFXWXP RI D PRWK ZLWK ZD[ DQG WKH SUHSDUDWLRQ
ZDV SODFHG RQ D KROGHU LQ WKH PLGGOH RI WKH IOLJKW
WXQQHO DQG DW  FP GLVWDQFH IURP WKH
ORXGVSHDNHU 7R PRQLWRU ZLQJ PRYHPHQWV D
FXVWRP EXLOW LQIUDUHG HPLWWHUGHWHFWRU ZDV
SRVLWLRQHG DW  PP GLVWDQFH DQG SHUSHQGLFXODU WR
WKH ZLQJ VXUIDFH RI D PRWK DW UHVW :LQJ
PRYHPHQWV ZHUH GLVSOD\HG DQG UHFRUGHG RQ D
7HNWURQL[ 7'6  GLJLWDO RVFLOORVFRSH 7KH
SUHSDUDWLRQ ZDV SODFHG LQ WKH VDPH IOLJKW WXQQHO
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-RXUQDORI,QVHFW6FLHQFH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 DV IRU WKH H[SHULPHQWV ZLWK IUHHIO\LQJ PRWKV VHH
EHORZ DQG PRWKV WKXV H[SHULHQFHG D ZLQG
FRPSRQHQW ZKLFK LV RIWHQ HVVHQWLDO IRU LQLWLDWLQJ
DQG VXVWDLQLQJ IOLJKW 7KH PRWK ZDV IRUFHG WR
LQLWLDWH IOLJKW E\ WRXFKLQJ LW ZLWK D QHHGOH DQG
WKHQVWLPXODWHGE\DVRXQGSXOVH
7R HQVXUH WKDW WKH WKUHVKROG YDOXH IRU WKH
IOLJKWVWRS UHVSRQVH ZDV UHSURGXFLEOH DQG WKH
ORZHVW SRVVLEOH ZH VWLPXODWHG ZLWK D  PV ORQJ
VLQJOH SXOVH 7KLV SXOVH OHQJWK FRUUHVSRQGV WR WKH
LQWHJUDWLRQ WLPH IRU IOLJKWVWRS UHVSRQVH LQ
DQRWKHU S\UDOLG PRWK 6NDOV DQG 6XUO\NNH 
)OLJKW VWRS ZLWKLQ  PV DIWHU VRXQG H[SRVXUH LQ
DW OHDVW WZR RXW RI WKUHH WULDOV ZDV FRQVLGHUHG D
UHVSRQVH 7KH VDPH LQGLYLGXDO ZDV WHVWHG DW
IUHTXHQFLHV UDQJLQJ IURP  WR  N+] LQ  N+]
VWHSV DQG DW LQWHQVLWLHV UDQJLQJ IURP  WR  G%
63/ LQ  G% 63/ VWHSV 7KH LQWHQVLW\ RI D VRXQG
VWLPXOXV ZDV PHDVXUHG DW  FP GLVWDQFH IURP
WKH ORXGVSHDNHU 7KH KLJKHVW VRXQG SUHVVXUH OHYHO
QRW UHVXOWLQJ LQ IOLJKW VWRS DFFRUGLQJ WR WKH
FULWHULRQ DERYH ZDV GHILQHG DV WKH KHDULQJ
WKUHVKROG IRU D VSHFLILF IUHTXHQF\ 7KH ODWHQF\
LH WKH WLPH IURP RQVHW RI WKH XOWUDVRXQG
VWLPXOXV WR IOLJKW VWRS UHVSRQVH ZDV PHDVXUHG
DQG WKUHVKROG FXUYHV ZHUH GHWHUPLQHG IRU HLJKW
PDOHV )RU HDFK PDOH IUHTXHQFLHV DV ZHOO DV
VRXQG SUHVVXUH OHYHOV ZHUH UDQGRPL]HG WR
PLQLPL]H KDELWXDWLRQ HIIHFWV )RU WKH VDPH
UHDVRQ WKH WLPH VSDQ EHWZHHQ WZR VRXQG VWLPXOL
ZDVDWOHDVWV
Flight tunnel experiments
'XH WR WKH H[WUHPH GLIILFXOWLHV LQ VWDQGDUGLVLQJ
WKH VRXQGH[SRVXUH RI IUHHIO\LQJ PRWKV WKDW DUH
QRW IROORZLQJ D PRUH RU OHVV VWUDLJKW SDWK LQ
UHODWLRQ WR WKH ORXGVSHDNHU GLUHFW FRPSDULVRQV RI
XOWUDVRXQGLQGXFHG EHKDYLRXUV EHWZHHQ
SKHURPRQHVWLPXODWHG DQG QRQVWLPXODWHG IO\LQJ
PRWKV FDQ RQO\ EH DFKLHYHG E\ XVLQJ VXEMHFWV WKDW
RULHQW LQ DQ RGRXUSOXPH 7KH IOLJKW UHVSRQVHV RI
SKHURPRQHVWLPXODWHG PDOH PRWKV ZKHQ H[SRVHG
WR XOWUDVRXQG ZHUH REVHUYHG LQ D  [  [  P
3OH[LJODV IOLJKW WXQQHO 9DOHXU DQG /|IVWHGW 
)OLJKW H[SHULPHQWV ZHUH FRQGXFWHG RQH WR IRXU
KRXUV LQWR WKH VFRWRSKDVH DQG WKH FRQGLWLRQV LQ
WKH IOLJKW WXQQHO ZHUH WHPSHUDWXUH ± &
± 5+ ZLQG VSHHG  P Vï DQG OLJKW
LQWHQVLW\  OX[ (DFK PDOH ZDV WUDQVIHUUHG WR D
VPDOO JODVV F\OLQGHU  FP LG DQG H[SRVHG WR
WKH SKHURPRQH SOXPH IRU DSSUR[LPDWHO\ ILYH
VHFRQGV DQG WKHQ DOORZHG WR WDNH RII 0DOHV QRW
OHDYLQJ WKH F\OLQGHU ZLWKLQ WKUHH PLQXWHV ZHUH
H[FOXGHG IURP WKH SURWRFRO :KHQ D PRWK ZDV
IO\LQJ LQ WKH RGRXU SOXPH DW WKH SRVLWLRQ RI WKH
ORXGVSHDNHU WKH XOWUDVRXQG VWLPXOXV ZDV
VZLWFKHG RQ PDQXDOO\ 7KH LQWHQVLWLHV RI WKH
VRXQG FXHV XVHG ZHUH     DQG  G%
63/ PHDVXUHG DW  FP GLVWDQFH IURP WKH
ORXGVSHDNHU
7KH EHKDYLRXU RI XOWUDVRXQGH[SRVHG DQG
XQH[SRVHG FRQWURO PDOHV ZDV REVHUYHG IRU WKUHH
PLQXWHV DIWHU WKH\ KDG UHDFKHG WKH SRVLWLRQ RI WKH
ORXGVSHDNHU (DFK PDOH ZDV RQO\ WHVWHG RQFH DQG
IRXU GLIIHUHQW EHKDYLRXUV ZHUH UHFRUGHG
6KRUWWHUP HIIHFWV RI XOWUDVRXQG H[SRVXUH LH WKH
SURSRUWLRQ RI PDOHV WKDW GURSSHG WR WKH IOLJKW
WXQQHO IORRU DV D UHVSRQVH WR WKH VRXQG DV ZHOO DV
WKH WLPH WKHVH PDOHV VSHQW LPPRELOH RQ WKH
WXQQHO IORRU EHIRUH UHVXPLQJ IOLJKW ZHUH
FRPSDUHG DW GLIIHUHQW VRXQG LQWHQVLWLHV XVLQJ
ƵVWDWLVWLFV DQG WKH .UXVNDO:DOOLV
QRQSDUDPHWULF WHVW IROORZHG E\ D 7XNH\.UDPHU
WHVW UHVSHFWLYHO\ ,Q DGGLWLRQ ORQJWHUP HIIHFWV RI
XOWUDVRXQG H[SRVXUH LH WKH SURSRUWLRQ DQG WKH
WLPH WR UHDFK WKH SKHURPRQH VRXUFH RI PDOHV DIWHU
SDVVLQJ WKH ORXGVSHDNHU ZHUH FRPSDUHG DW
GLIIHUHQW VRXQG LQWHQVLWLHV 6WDWLVWLFDO WHVWV ZHUH
SHUIRUPHGXVLQJ-036$6,QVWLWXWH
Results
Hearing threshold curve
0DOH P. interpunctella KDG WKHLU ORZHVW KHDULQJ
WKUHVKROG DW IUHTXHQFLHV EHWZHHQ  N+] DQG 
N+] $W WKHVH IUHTXHQFLHV WKH IOLJKW VWRS
WKUHVKROG ZDV DW § G% 63/ )LJXUH D %DVHG
RQ WKH REWDLQHG WKUHVKROG FXUYH VRXQG VWLPXOL
ZLWK  N+] SXOVHV ZDV XVHG GXULQJ IOLJKW WXQQHO
H[SHULPHQWV 7KH ODWHQF\ WLPH DW WKH IUHTXHQF\
ZLWK ORZHVW KHDULQJ WKUHVKROG ZDV  PV ZKLFK
ZDV YHU\ VLPLODU WR WKH ODWHQF\ WLPH  PV
REWDLQHG IURP DQRWKHU S\UDOLG Galleria
mellonella / 6NDOV DQG 6XUO\NNH  )LJXUH
E VKRZV W\SLFDO IOLJKW VWRS UHVSRQVHV RI D PDOH
VWLPXODWHG ZLWK XOWUDVRXQG DW GLIIHUHQW
LQWHQVLWLHV
Flight tunnel experiments
1R HYDVLYH EHKDYLRXUV FRXOG EH GLVWLQJXLVKHG LQ
DQ\ RULHQWLQJ PDOH ZKHQ H[SRVHG WR QR
XOWUDVRXQG RU XOWUDVRXQG DW  G% 63/ $W  G%
63/ WZR PDOHV RXW RI  UHDFWHG WR WKH VRXQG E\
FHVVDWLRQ RI IOLJKW DQG GLYLQJ WR WKH IOLJKW WXQQHO
IORRU )LJXUH  2WKHU PDOHV VKRZHG VPDOO
HYDVLYH UHDFWLRQV E\ H[WHQGLQJ ]LJ]DJJLQJ IOLJKW
$W  G% 63/ IRXU PDOHV RXW RI  GLYHG WR WKH
IOLJKW WXQQHO IORRU DIWHU VRXQG H[SRVXUH DQG
RWKHUV VKRZHG H[WHQGLQJ ]LJ]DJJLQJ ORRSV HWF $W
 G% 63/ WKH PDMRULW\  RXW RI  UHDFWHG WR
WKH VRXQG E\ GLYLQJ ,QWHQVLWLHV RI  G% 63/
ZHUH QHHGHG WR LQGXFH VLJQLILFDQWO\ PRUH GLYLQJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 1D7KUHVKROGFXUYHIRUIOLJKWVWRSRIWHWKHUHG P. interpunctella PDOHVQ 6TXDUHVLQGLFDWHWKH
GLIIHUHQWLQWHQVLWLHVRIWKHN+]VLJQDOXVHGLQIOLJKWWXQQHOH[SHULPHQWVE7\SLFDOIOLJKWVWRSUHVSRQVHVRID
PDOH P. interpunctella H[SRVHGWRGLIIHUHQWLQWHQVLWLHVRIDPVVWLPXOXVDWN+]7UDFHVVKRZWKHZLQJEHDW
IUHTXHQF\RIDPDOHPRQLWRUHGE\DQLQIUDUHGGHWHFWRU7KHEDULQGLFDWHVWKHGXUDWLRQRIXOWUDVRXQGVWLPXODWLRQ$
IOLJKWVWRSUHVSRQVHLVREVHUYHGDWERWKG%63/DQGG%63/ZKHUHDVQRUHVSRQVHLVREVHUYHGDWG%63/
ZKLFKLVEHORZWKHIOLJKWVWRSWKUHVKROGRIWKHVSHFLHV1RWHWKDWUHVSRQVHODWHQF\GHFUHDVHVZLWKLQFUHDVLQJVRXQG
LQWHQVLW\,QWHQVLWLHVRIWKHVRXQGVWLPXOXVXSSHUWUDFHG%63/PLGGOHWUDFHG%63/ORZHUWUDFHG%
63/
UHVSRQVHV LQ XOWUDVRXQGH[SRVHG PDOHV FRPSDUHG
WR XQH[SRVHG RQHV ,Q FRQWUDVW WKH WLPH VSHQW RQ
WKH IOLJKW WXQQHO IORRU DV D UHVSRQVH WR WKH
XOWUDVRXQG FXH ZDV RQO\ VLJQLILFDQWO\ GLIIHUHQW
IURP ]HUR IRU PDOHV H[SRVHG WR XOWUDVRXQG DW 
G% 63/ )LJXUH  0DOHV H[SRVHG WR  G% 63/
VSHQW RQ DYHUDJH ILYH WLPHV ORQJHU WLPH RQ WKH
IORRUFRPSDUHGWRWKRVHH[SRVHGWRG%63/
6HYHQW\HLJKW SHUFHQW RI WKH FRQWURO PRWKV WKDW
ZHUH QRW H[SRVHG WR DQ\ XOWUDVRXQG UHDFKHG WKH
RGRXU VRXUFH ZLWKLQ WKH WLPH OLPLW DIWHU WKH\ KDG
SDVVHG WKH ORXGVSHDNHU )LJXUH  7KH DELOLW\ RI
PDOHV WR UHORFDWH WKH SOXPH DQG RULHQW WR WKH
SKHURPRQH VRXUFH DIWHU XOWUDVRXQG VWLPXODWLRQ
GHSHQGHG RQ WKH LQWHQVLW\ RI WKH VLJQDO 1R
GLIIHUHQFH LQ SURSRUWLRQV RI PRWKV UHDFKLQJ WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 26KRUWDQGORQJWHUPHIIHFWVRIXOWUDVRXQGH[SRVXUHRQ P. interpunctella PDOHVRULHQWLQJLQDVH[
SKHURPRQHSOXPH%DUVZLWKGLIIHUHQWOHWWHUVDUHVWDWLVWLFDOO\GLIIHUHQWp DFFRUGLQJWRƵ WHVWVGLYLQJ
DQGUHDFKLQJVRXUFHDQGWKH.UXVNDO:DOOLVQRQSDUDPHWULFWHVWIROORZHGE\D7XNH\.UDPHUWHVWWLPHVSHQWRQ
IORRUDQGRULHQWDWLRQWLPH7KHLQWHQVLWLHVRIWKHDXGLWRU\FXHXVHGIRUWKHGLIIHUHQWJURXSVDUHVKRZQEHORZWKH
JUDSKV%HWZHHQDQGPDOHVZHUHWHVWHGSHUJURXS
RGRXU VRXUFH ZDV REVHUYHG EHWZHHQ FRQWURO PDOHV
DQG WKRVH H[SRVHG WR  G% 63/ +RZHYHU
VLJQLILFDQWO\ IHZHU XOWUDVRXQGH[SRVHG PDOHV
UHDFKHG WKH RGRXU VRXUFH FRPSDUHG WR XQH[SRVHG
PDOHV ZKHQ VWLPXODWHG E\ XOWUDVRXQG DW  G%
63/ $OVR PDOHV H[SRVHG WR XOWUDVRXQG DW  G%
63/ WRRN VLJQLILFDQWO\ ORQJHU WLPH WR UHDFK WKH
SKHURPRQH VRXUFH )LJXUH  DQG WKLV HIIHFW ZDV
LQGHSHQGHQW RI ZKHWKHU WKH RULHQWDWLRQ WLPH IRU
XOWUDVRXQGH[SRVHG PDOHV WKDW GURSSHG WR WKH
IORRU ZDV PHDVXUHG IURP WKH WLPH WKH\ ZHUH
H[SRVHG WR WKH VRXQG FXH RU IURP WKH WLPH WKH\
UHVXPHG IOLJKW DIWHU VLWWLQJ RQ WKH IOLJKW WXQQHO
IORRU
Discussion
7KH XOWUDVRXQG SXOVHV FOHDUO\ DIIHFWHG WKH
SKHURPRQHPHGLDWHG IOLJKW EHKDYLRXU RI PDOH P.
interpunctella EXW RQO\ DW WKH KLJKHVW VRXQG
SUHVVXUH OHYHOV 7KLV VXJJHVWV WKDW PDOHV HQJDJHG
LQ XSZLQG IOLJKW WRZDUGV D FDOOLQJ IHPDOH DGMXVW
WKHLU VRXQGLQGXFHG PDQRHXYUHV DFFRUGLQJ WR WKH
VWUHQJWK RI WKH VLJQDO 7KHVH UHVXOWV LQ
FRPELQDWLRQ ZLWK WKH HDUOLHU REVHUYDWLRQV WKDW
PDOHV DGMXVW WKHLU HYDVLYH EHKDYLRXUV WR
XOWUDVRXQG GHSHQGLQJ RQ WKH TXDOLW\ RI WKH
SKHURPRQH VLJQDO 6YHQVVRQ HW DO  UHYHDO D
FRPSOH[ DQG G\QDPLF LQWHJUDWLRQ RI WKH
FRQIOLFWLQJ VHQVRU\ VWLPXOL SHUFHLYHG E\ WKH PRWK
6NDOV HW DO  GLG D ILQHJUDLQHG DQDO\VLV RI
WKLV FURVVPRGDO PRGXODWLRQ LQ S. littoralis E\
VLPXOWDQHRXVO\ H[SRVLQJ ZDONLQJ PDOHV WR
SKHURPRQH DQG XOWUDVRXQG VWLPXOL DW GLIIHUHQW
UHODWLYH VWUHQJWKV 7KH WKUHVKROG IRU HYDVLYH
EHKDYLRXU IUHH]LQJ LQFUHDVHG E\  G% 63/ LQ
PDOHV VWLPXODWHG E\ D IHPDOH H[WUDFW LH WKH
FRPSOHWH VH[ SKHURPRQH EOHQG FRPSDUHG WR
WKRVH QRW VWLPXODWHG E\ DQ\ RGRXU ,Q D QDWXUDO
VLWXDWLRQ VXFK UHGXFWLRQ LQ WKH HYDVLYH UHVSRQVH
LQ SKHURPRQHVWLPXODWHG PDOHV ZLOO PDNH WKHP
PRUH YXOQHUDEOH WR DQ DWWDFNLQJ EDW EHFDXVH WKH\
ZLOO HYDGH WKH SUHGDWRU DW D ODWHU VWDJH KHQFH
WUDGLQJ UHSURGXFWLRQ ZLWK D JUHDWHU ULVN RI
SUHGDWLRQ
%RWK VKRUW DQG ORQJWHUP HIIHFWV RI XOWUDVRXQG
H[SRVXUH ZHUH REVHUYHG :KHQ VWLPXODWHG ZLWK
 G% 63/ SXOVHV VLJQLILFDQWO\ PRUH PDOHV
GURSSHG WR WKH IOLJKW WXQQHO IORRU DQG VSHQW ORQJHU
WLPH LQ D IUHH]LQJ SRVWXUH RQ WKH IORRU FRPSDUHG
WR PDOHV H[SRVHG WR XOWUDVRXQG DW ORZHU
LQWHQVLWLHV ,QWHUHVWLQJO\ IROORZLQJ VWLPXODWLRQ E\
KLJKHU VRXQG LQWHQVLWLHV PDOHV KDG SUREOHPV
UHORFDWLQJ DQG ORFNLQJ RQ WR WKH SKHURPRQH
SOXPH DIWHU ORRVLQJ LW DV D FRQVHTXHQFH RI
GURSSLQJ WR WKH IOLJKW WXQQHO IORRU DV FRPSDUHG WR
PDOHV H[SRVHG WR ORZHU VRXQG LQWHQVLWLHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH $OWKRXJK VXFK PDOHV DW D ODWHU VWDJH IOHZ WKURXJK
WKH RGRXU SOXPH VRPH RI WKHP GLG QRW UHVXPH
XSZLQG IOLJKW 6RPH RULHQWLQJ PDOHV WKDW VKRZHG
VPDOO RU QR YLVLEOH UHDFWLRQV XSRQ XOWUDVRXQG
VWLPXODWLRQ ZHUH XQDEOH WR FRQWLQXH WKHLU IOLJKW WR
WKH VRXUFH EXW LQVWHDG VKRZHG DUUHVWPHQW
EHKDYLRXU DQG WKHQ OHIW WKH SKHURPRQH SOXPH
)HZHU PRWKV UHDFKHG WKH RGRXU VRXUFH IROORZLQJ
H[SRVXUH WR KLJK VRXQG LQWHQVLWLHV ± G%
63/ FRPSDUHG WR ORZHU LQWHQVLWLHV  G% 63/ RU
QR VRXQG DQG WKRVH PRWKV WKDW UHDFKHG WKH
RGRXU VRXUFH VSHQW PRUH WLPH RQ WKH RULHQWDWLRQ
IOLJKW 7KLV LQGLFDWHV WKDW HLWKHU WKH VRXQG RU WKH
HYDVLYH UHDFWLRQ per se GLVUXSWHG WKH SKHURPRQH
VHDUFK EHKDYLRXU WR DQ H[WHQW ZKHUH WKHVH PRWKV
KDG D VLJQLILFDQW GLVDGYDQWDJH LQ UHDFKLQJ WKH
SKHURPRQH VRXUFH FRPSDUHG ZLWK PRWKV WKDW IOHZ
ZLWKRXW VRXQG VWLPXODWLRQ ,W LV SUHPDWXUH WR
VSHFXODWH DERXW KRZ WKH ROIDFWRU\ PDFKLQHU\ DW D
KLJKHU QHXUDO OHYHO LV DIIHFWHG E\ WKH XOWUDVRXQG
FXH HYHQ VHYHUDO PLQXWHV DIWHU WKH H[SRVXUH HYHQW
EXW LW EULQJV XS LQWHUHVWLQJ TXHVWLRQV RQ KRZ
DQLPDO GHFLVLRQPDNLQJ PXVW EH EDVHG RQ
FURVVPRGDOSHUFHSWLRQ
7HWKHUHG PDOHV KDG WKHLU ORZHVW IOLJKW VWRS
WKUHVKROG DW IUHTXHQFLHV EHWZHHQ  N+] DQG 
N+] )LJXUH D FRUUHVSRQGLQJ WR WKH IUHTXHQFLHV
XVHG E\ PDQ\ HFKRORFDWLQJ EDWV 3RSSHU DQG )D\
 3DUVRQV DQG -RQHV  7KLV LV VLPLODU WR
WZR RWKHU S\UDOLG VSHFLHV Ephestia kuehniella
=HOOHU DQG G. mellonella ERWK ZLWK EHVW KHDULQJ DW
 N+] 3pUH] DQG =KDQWLHY  6NDOV DQG
6XUO\NNH  $W  N+] WKH WKUHVKROG IRU
IOLJKW VWRS LQ P. interpunctella ZDV § G% 63/ ,Q
DGGLWLRQ WKH ODWHQF\ WLPHV RI P. interpunctella
DQG G. mellonella WR XOWUDVRXQG ZHUH YHU\ VLPLODU
VXJJHVWLQJ WKDW WKH KHDULQJ V\VWHP LQ S\UDOLG
PRWKV PD\ VKRZ OLWWOH LQWHUVSHFLILF YDULDWLRQ
6NDOV DQG 6XUO\NNH  HVWLPDWHG WKH IOLJKW
VWRS WKUHVKROG RI G. mellonella DW  N+] WR  G%
63/ ZKLFK ZDV  G% DERYH WKH VHQVRU\
WKUHVKROG EDVHG RQ HOHFWURSK\VLRORJLFDOO\
GHWHUPLQHG DXGLRJUDPV ,I WKH VDPH GLIIHUHQFH
H[LVWV EHWZHHQ VHQVRU\ DQG EHKDYLRXUDO
WKUHVKROGV LQ P. interpunctella LWV VHQVRU\
WKUHVKROG DW IUHTXHQFLHV RI EHVW KHDULQJ VKRXOG EH
§ G% 63/ ,Q WKH IOLJKW WXQQHO ZH QRWLFHG WKDW D
PDMRULW\ RI PRWKV GLYHG ZKHQ WKH\ ZHUH H[SRVHG
WR D VRXQG SUHVVXUH OHYHO RI  G% ,I WKH VHQVRU\
WKUHVKROG LV DV ORZ DV  G% 63/ LW PHDQV WKDW WKH
PRWKV PD\ KDYH DGGLWLRQDO JUDGHG UHVSRQVHV
ZKLFK DUH HOLFLWHG LQ WKH UDQJH IURP  WR  G%
63/ 7KHVH ORZ LQWHQVLW\ HOLFLWHG UHVSRQVHV PD\
LQYROYH VWHHULQJ DZD\ IURP WKH VRXQG VRXUFH RU
VLPLODU OHVV REYLRXV EHKDYLRXUDO UHVSRQVHV )LJXUH
 LQGLFDWHV WKDW WKLV PD\ KDSSHQ VLQFH PRWKV
VWLPXODWHG E\  G% 63/ RQ DYHUDJH WRRN DV ORQJ
WLPH WR UHDFK WKH RGRXU VRXUFH DV WKRVH
VWLPXODWHGE\G%63/
(FKRORFDWLRQ VLJQDOV XVHG E\ EDWV IRU RULHQWDWLRQ
DQG SUH\ GHWHFWLRQ YDU\ FRQVLGHUDEO\ DPRQJ
VSHFLHV )HQWRQ HW DO  )HQWRQ 
1HXZHLOHU  :DWHU DQG -RQHV  -RQHV
 :LWK VXFK JUHDW YDULDWLRQ REVHUYHG LQ FDOO
GHVLJQ DPRQJ EDW VSHFLHV DQG WKH YDULRXV EDW
SUHGDWRUV P. interpunctella LV SRWHQWLDOO\ H[SRVHG
WR WKHVH LQVHFWV PXVW EH DEOH WR SURFHVV VRXQG
VWLPXOL WKDW GLIIHU LQ SXOVH OHQJWK SXOVH UHSHWLWLRQ
UDWH DQG GXW\ F\FOH IRU HIILFLHQW SUHGDWRU
DYRLGDQFH 7KH VRXQG VWLPXOL ZHUH QRW
FRQVWUXFWHG WR LPLWDWH D SDUWLFXODU EDW VSHFLHV EXW
WR DSSO\ D VLJQDO ZLWK DOO SDUDPHWHUV ZHOO ZLWKLQ
WKH UDQJH GRFXPHQWHG LQ EDW FDOOV LQ QDWXUH
ZKLFK HOLFLWHG FRQVLVWHQW EHKDYLRXUDO UHVSRQVHV WR
XOWUDVRXQG 7KLV ZDV LPSRUWDQW EHFDXVH ZH ZHUH
FRPSDULQJ WKH VLJQDO VWUHQJWK EHWZHHQ DFRXVWLF
DQG RGRXU VWLPXOL $ QDWXUDO EDW FU\ FRQVLVWV RI D
VHDUFK DSSURDFK DQG D WHUPLQDO SKDVH ZKLFK DUH
FKDUDFWHULVHG E\ GLIIHUHQW FRQWHQW RI DFRXVWLF
HQHUJ\ ,I D ³QDWXUDO´ EDW FU\ KDG EHHQ XVHG RQH
FRXOG QRW EH VXUH LI WKH PRWKV UHVSRQGHG WR WKH
KLJKHQHUJ\ SKDVH WHUPLQDO SKDVH LQ WKH
VWLPXOXV RU WKH ORZHQHUJ\ SKDVH VHDUFK SKDVH
DQG WKHUHIRUH WKH UHVXOWV FRXOG QRW EH FRPSDUHG
EHWZHHQ LQGLYLGXDOV $ VLPLODU DSSURDFK KDV EHHQ
XVHG LQ SUHYLRXV SXEOLFDWLRQV RQ EDWPRWK
LQWHUDFWLRQV DQG LQWHJUDWLRQ RI FRQIOLFWLQJ
ELPRGDO LQIRUPDWLRQ $FKDU\D DQG 0F1HLO 
6NDOV DQG 6XUO\NNH  -RQHV HW DO  6NDOV
HW DO   6YHQVVRQ HW DO 
6WLPXODWLQJ WKH PRWK E\  G% 63/ FRUUHVSRQGV
WRDEDWFU\DW±PGLVWDQFHIURPWKHWDUJHW
7R VXPPDUL]H WKH UHVXOWV REWDLQHG LQ WKLV VWXG\
DGG WR SUHYLRXV ILQGLQJV WKDW WKH WUDGHRII
EHWZHHQ RGRXULQGXFHG DWWUDFWLRQ DQG
VRXQGLQGXFHG DYRLGDQFH LQ PDOH PRWKV LV
G\QDPLF DQG GHSHQGV RQ WKH UHODWLYH VWUHQJWKV RI
WKH FRQIOLFWLQJ ROIDFWRU\ DQG DXGLWRU\ VWLPXOL
SHUFHLYHG 0XOWLPRGDO DSSURDFKHV GXULQJ
LQYHVWLJDWLRQV RI VHQVRU\JXLGHG EHKDYLRXUV LQ
LQVHFWV VKRXOG EH HQFRXUDJHG DV WKHVH RUJDQLVPV
OLYH LQ FRPSOH[ HQYLURQPHQWV DQG KDYH WR
FRQWLQXRXVO\ LQWHJUDWH VLJQDOV GHWHFWHG E\ WKHLU
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